Poisson-Boltzmann model studies of molecular electrostatic properties of the cAMP-dependent protein kinase.
Protonation equilibria of residues important in the catalytic mechanism of a protein kinase were analyzed on the basis of the Poisson-Boltzmann electrostatic model along with a cluster-based treatment of the multiple titration state problem. Calculations were based upon crystallographic structures of the mammalian cAMP-dependent protein kinase, one representing the so called closed form of the enzyme and the other representing an open conformation. It was predicted that at pH 7 the preferred form of the phosphate group at the catalytically essential threonine 197 (P-Thr197) in the closed form is dianionic, whereas in the open form a monoanionic ionization state is preferred. This dianionic state of P-Thr197, in the closed form, is stabilized by interactions with ionizable residues His87, Arg165, and Lys189. Our calculations predict that the hydroxyl of the Ser residue in the peptide substrate is very difficult to ionize, both in the closed and open structures of the complex. Also, the supposed catalytic base, Asp166, does not seem to have a pK(a) appropriate to remove the hydroxyl group proton of the peptide substrate. However, when Ser of the peptide substrate is forced to remain ionized, the predicted pK(a) of Asp166 increases strongly, which suggests that the Asp residue is a likely candidate to attract the proton if the Ser residue becomes deprotonated, possibly during some structural change preceding formation of the transition state. Finally, in accord with suggestions made on the basis of the pH-dependence of kinase kinetics, our calculations predict that Glu230 and His87 are the residues responsible for the molecular pK(a) values of 6.2 and 8.5, observed in the experiment.